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PROBLEM TO BE SOLVED: To provide a nonaqueous secondary 
battery of high capacity and superior cycling characteristic, by 



inhibiting the expansion of an electrode material. 
SOLUTION: This electrode material is composed of complex 
particles including a material including lithium and an alloying 
element, and a conductive material, a ratio of the material including 
lithium and the alloying element is not less them 30 mass% and not 
more than 80 mass% to the total mass of the complex particles, the 
composite particles have cavities inside thereof, and Vs is at least 
35% and not more than 70%, when bulk density of the complex 
particles is D1 (g/cm3), true density of the complex particles is D2 
(g/cm3), and a volumetric population (%) of the cavities of the 
complex particles is Vs=(1-1.35xD1/D2)x100. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is the electrode material which consists of a complex particle containing a lithium, the ingredient 
containing the element which can be alloyed, and a conductive ingredient. The rate of the ingredient containing 
the element in which said lithium and alloying are possible is below 80 mass % more than 30 mass % to the 
total mass of said complex particle. Said complex particle has an opening inside. The bulk density of said 
complex particle Dl (g/cm3), The electrode material with which Vs is characterized by being 70% or less 35% 
or more when the volume-of- voids pulse duty factor (%) of D2 (g/cm3) and said complex particle is set to Vs= 
(l-1.35xDl/D2) xlOO for the true density of said complex particle. 

[Claim 2] The electrode material according to claim 1 whose element in which said lithium and alloying are 
possible is silicon. 

[Claim 3] The electrode material according to claim 1 or 2 whose mean particle diameter the ingredient 
containing the element in which said lithium and alloying are possible is a particle 2 micrometers or less. 
[Claim 4] The electrode material according to claim 1 to 3 said whose conductive ingredient is at least one 
chosen from the carbon material and the metallic material of fibrous or a coiled form of fibrous or a coiled 
form. 

[Claim 5] The electrode material according to claim 1 to 4 covered with the ingredient with which said complex 
particle contains carbon. 

[Claim 6] The electrode material according to claim 5 with which the ingredient containing said carbon contains 
at least one chosen from the carbon which calcinates the carbon and the carbon precursor which pyrolyze 
hydrocarbon system gas in a gaseous phase, and are obtained, and is obtained. 

[Claim 7] The manufacture approach of an electrode material including the process which forms a complex 
particle by mixing and corning the ingredient which is the manufacture approach of an electrode material 
according to claim 1 to 6, and contains the element in which said lithium and alloying are possible, said 
conductive ingredient, and resin, and the process which forms an opening in said complex particle by heating 
said complex particle, making said resin burn or sublimate and removing it. 

[Claim 8] The manufacture approach of an electrode material including the process which forms a complex 
particle by corning by the spray-drying method which is the manufacture approach of an electrode material 
according to claim 1 to 6, is made to distribute in a solvent the ingredient containing the element in which said 
lithium and alloying are possible, and said conductive ingredient, considers as mixture, sprays said mixture, and 
is dried. 

[Claim 9] The manufacture approach of an electrode material including the process which forms a complex 
particle by mixing said complex particle and a different conductive ingredient from said conductive ingredient, 
and corning further after enforcing the manufacture approach according to claim 7 or 8. 

[Claim 10] The manufacture approach of an electrode material including the process which covers said complex 
particle with the ingredient containing carbon after enforcing the manufacture approach according to claim 7 to 
9. 

[Claim 11] The negative electrode for nonaqueous rechargeable batteries containing an electrode material 
according to claim 1 to 6. 

[Claim 12] Potential of charge initiation of said negative electrode for nonaqueous rechargeable batteries is set 
to 1.5 V to a lithium metal. To [ in the volume of said complex particle after charging quantity of electricity of 
1000mAh(s) for the volume of said complex particle at the time of this charge initiation per VI and lg of said 
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complex particles / to V2 and a pan / condition / that / charge / a lithium metal ] for said complex particle When 
the volume of said complex particle after making it discharge to the potential of 1.5V is set to V3 The negative 
electrode for nonaqueous rechargeable batteries according to claim 1 1 whose rate of a volumetric shrinkage (%) 
at the time of the discharge called for by (V2-V3) / (V2-V1) xlOO the coefficient of cubical expansion at the 
time of the charge searched for by (V2-V1) / VlxlOO (%) is 68% or less, and is 85% or more. 
[Claim 13] The nonaqueous rechargeable battery equipped with the negative electrode for nonaqueous 
rechargeable batteries according to claim 1 1 or 12, a positive electrode, and nonaqueous electrolyte. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the negative electrode for nonaqueous rechargeable batteries 
and nonaqueous rechargeable battery which used the electrode material for the electrode material which can 
constitute the nonaqueous rechargeable battery which is high capacity and was excellent in the cycle property 
and its manufacture approach, and a list. 
[0002] 

[Description of the Prior Art] Since nonaqueous rechargeable batteries are high capacity and high tension, and a 
high energy consistency, it has a great hope to the development. In this nonaqueous rechargeable battery, the 
electrolytic solution of the organic solvent system which dissolved the lithium (Li) salt in the organic solvent as 
the electrolytic solution was used, and Li or Li alloy has been used as a negative-electrode active material. 
However, when it was made to function as a rechargeable battery, using Li or Li alloy as a negative-electrode 
active material, in order that the dendrite of Li might generate at the time of charge, since activity was high, the 
dendrite which lifting-came to be easy of an internal short circuit, and deposited had the problem that safety was 
missing, with high specific surface area. Furthermore, the coat which the dendrite and solvent in the electrolytic 
solution reacted, and lacked electronic conduction nature was formed on the front face of a dendrite, the internal 
resistance of a cell became high, charge-and-discharge effectiveness fell, and there was also a problem that 
cycle endurance became scarce as the result. 

[0003] It replaces with Li or Li alloy, and cycle endurance is improved and it is made to function as a 
rechargeable battery in the actual condition by using carbon materials, such as amorphous carbon, such as a 
dope, corks which can be dedoped, and glassy carbon, and a natural or artificial graphite, for Li ion as a 
negative-electrode ingredient. 

[0004] Moreover, like silicon (Si) and tin (Sn), more Li(s) are alloyed, and recently, in order that the semimetal 
and the metal in which occlusion is possible may attract attention as a negative-electrode ingredient and may 
enlarge capacity per unit volume, the attempt which uses Si or its compound as a negative-electrode active 
material is carried out, as high capacity-ization of the rechargeable battery for pocket devices miniaturized and 
multi-functionalized is desired. For example, the nonaqueous rechargeable battery which used LitSi (0<=t<=5) 
for the patent reference 1 as a negative-electrode active material is indicated. 

[0005] Moreover, as advanced technology relevant to this invention, there is patent reference 2 etc., for 

example. 

[0006] 

[Patent reference 1] JP,7-29602,A [0007] 
[Patent reference 2] JP,2000-272911,A [0008] 

[Problem(s) to be Solved by the Invention] However, although the negative-electrode ingredient in which 
Above Li and alloying are possible is high capacity compared with a carbon material, when charge and 
discharge are repeated, the negative-electrode ingredient itself repeats and impalpable-powder-izes expansion 
and contraction, swelling of a negative electrode and unnecessary absorption of the electrolytic solution are 
caused, and there is a problem that the electrode characteristic deteriorates. The reason is considered as follows. 
[0009] For example, Si contains eight Si atoms in the crystallographic unit lattice (a cubic, space group Fd-3m). 
It converts from the lattice constant of a= 0.543 lnm, 0.1602nm of unit-lattice volume is 3, and 0.0199nm (value 
which **(ed) the unit-lattice volume by Si atomic number in a unit lattice) of volume of one Si atom to occupy 
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is 3. the potential [ negative electrode / which contains Si here ] on the basis of Li — up to lOOmV or less — 
charging (Li being made to insert) — although compound Lil5Si4 and Li21Si5 containing many Li(s) arise and 
capacity is equivalent to about 4000 mAh/g, the coefficient of cubical expansion of a negative electrode 
becomes very large. For example, 83 Si atoms are contained in the unit lattice (a cubic, F-43m of space groups) 
of Li21Si5. It converts from the lattice constant of a= 1.8750nm, 6.5918nm of unit-lattice volume is 3, and 
0.079nm of volume per Si atom is 3. This value is 3.95 times the simple substance Si, and since the volume 
difference at the time of charge and discharge is very large in this way, a big distortion arises to a negative- 
electrode particle, and a negative-electrode particle is considered to carry out pulverization. Consequently, 
space is generated between negative-electrode particles, the electric contact between negative-electrode 
particles (electronic conduction network) is divided, the part which cannot participate in an electrochemical 
reaction increases, and it is thought that charge-and-discharge capacity falls. 

[0010] Moreover, by the patent reference 2, the lithium secondary battery which used for the negative electrode 
the complex particle by which Si particle was laid underground into a graphite and noncrystalline carbon was 
indicated, and the lithium secondary battery excellent in the charge-and-discharge property is realized. Thus, by 
compound-izing Si particle with a graphite and noncrystalline carbon, expansion of Si can be eased and a cycle 
property improves. However, by complex particle which discovers the high capacity of about 1000 or more 
mAh/g, a cycle property does not reach the level suitable for utilization rather than is perfect. Since many Li(s) 
need to be inserted in Si in order to discover the above high capacity, expansion of Si becomes still larger and 
this is considered because the structure of a complex particle is destroyed. 

[0011] This invention solves the above-mentioned conventional problem, and offers the negative electrode for 
nonaqueous rechargeable batteries and nonaqueous rechargeable battery which used the electrode material for 
the electrode material which can constitute the nonaqueous rechargeable battery which is high capacity and was 
excellent in the cycle property and its manufacture approach, and a list. 
[0012] 

[Means for Solving the Problem] This invention is an electrode material which consists of a complex particle 
containing a lithium, the ingredient containing the element which can be alloyed, and a conductive ingredient. 
The rate of the ingredient containing the element in which said lithium and alloying are possible is below 80 
mass % more than 30 mass % to the total mass of said complex particle. Said complex particle has an opening 
inside. The bulk density of said complex particle Dl (g/cm3), When the volume-of- voids pulse duty factor (%) 
of D2 (g/cm3) and said complex particle is set to Vs=(l-1.35xDl/D2) xlOO for the true density of said complex 
particle, Vs offers the electrode material which is 70% or less 35% or more. 

[0013] Moreover, this invention offers the manufacture approach of an electrode material including the process 
which forms a complex particle, and the process which forms an opening in said complex particle by heating 
said complex particle, making said resin burn or sublimate and removing it by mixing and corning the 
ingredient which is the manufacture approach of the above-mentioned electrode material, and contains the 
element in which said lithium and alloying are possible, said conductive ingredient, and resin. 
[0014] Moreover, this invention is the manufacture approach of the above-mentioned electrode material, 
distributes in a solvent the ingredient containing the element in which said lithium and alloying are possible, 
and said conductive ingredient, and is used as mixture, and the manufacture approach of an electrode material 
including the process which forms a complex particle is offered by corning by the spray-drying method which 
sprays said mixture and is dried. 

[0015] Moreover, this invention offers the negative electrode for nonaqueous rechargeable batteries containing 
the above-mentioned electrode material. 

[0016] Moreover, this invention offers the nonaqueous rechargeable battery equipped with the above-mentioned 
negative electrode for nonaqueous rechargeable batteries, a positive electrode, and nonaqueous electrolyte. 
[0017] 

[Embodiment of the Invention] First, the gestalt of operation of the electrode material of this invention is 
explained. The ingredient as for which one gestalt of the electrode material of this invention contains a lithium 
and the element which can be alloyed, Are the electrode material which consists of a complex particle 
containing a conductive ingredient, and the rate of the ingredient containing a lithium and the element which 
can be alloyed It is below 80 mass % more than 30 mass % to the total mass of a complex particle. When the 
complex particle has an opening inside and sets [ the bulk density of a complex particle ] the volume-of- voids 
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pulse duty factor (%) of D2 (g/cm3) and a complex particle to Vs=(l-L35xDl/D2) x 100 for the true density of 
Dl (g/cm3) and a complex particle, Vs is 70% or less 35% or more. 

[0018] Here, volume-of-voids pulse duty factor Vs=(l-1.35xDl/D2) xlOO mean the rate of the volume of voids 
in the complex particle to the volume of a complex particle, namely, a complex particle — true — if it assumes 
that it is spherical, when the ball will carry out the closest packing in three dimension, it fills up in the shape of 
a face-centered cubic lattice, and the filling factor (%) becomes as follows. 
[0019] 
[Eguation 1] 

(V2*/6) X 1 0 0 = 7 4. 0 5% 

[0020] Therefore, bulk density serves as a value reflecting the amount of openings which doubled the opening 
between the particles accompanying the closest packing, and the opening in a particle. As mentioned above, the 
opening inside a particle can be expressed with (0.7405.1 / Dl)- (1 / D2), and a volume-of-voids pulse duty 
factor becomes what **(ed) this by the volume (0.7405.1 / Dl) of the whole particle. If 1 / 0.7405**1.35, a top 
type is set to l-1.35xDl/D2, and a volume-of-voids pulse duty factor (%) will be set to Vs=(l-1.35xDl/D2) 
xlOO, applying 100 to this. 

[0021] A complex particle will expand greatly that the volume-of-voids pulse duty factor (Vs) of a complex 
particle is less than 35% at the time of charge. That is, since the clearance which absorbs a part for the 
expansion in a complex particle is insufficient in case the ingredient containing a lithium and the element which 
can be alloyed expands with insertion (charge) of Li ion, it is not avoided that a complex particle expands 
greatly. On the other hand, if Vs exceeds 70%, the production of a complex particle itself becomes difficult, and 
the clearance in a complex particle increases too much, and since the electronic conduction network of a 
lithium, the ingredient containing the element which can be alloyed, and a conductive ingredient is hard to be 
built, charge and discharge will become are hard to be carried out. In addition, the bulk density of the above- 
mentioned complex particle puts the complex particle of the specified quantity into a container, and asks for it 
from the bulk density measuring method (JIS R1628) based on the JIS method using a bulk density measuring 
device. Moreover, it asks for true density from the inert-gas-replacement-type density meter which used gaseous 
helium. 

[0022] Moreover, the content of the ingredient containing a lithium and the element which can be alloyed needs 
to be in the range of 30 - 80 mass % to the total mass of a complex particle, and its range of 45 - 65 mass % is 
especially desirable. When realizing high capacity of 1000 mAh/g extent, the utilization factor of the ingredient 
containing a lithium and the element which can be alloyed becomes high too much, expansion of a complex 
particle becomes large, and it becomes easy to carry out pulverization of the case of under 30 mass %. 
Moreover, if 80 mass % is exceeded, since a point of contact with a conductive ingredient will decrease, 
construction of an electronic conduction network becomes difficult. In addition, it can ask for this content from 
the quality and quantitative analysis by fluorescence X rays. 

[0023] A compound or an element simple substance is sufficient as a metal, semimetal, or a semi-conductor 
element, and in a crystal, a low crystal, and which an amorphous condition is sufficient as the lithium contained 
in the above-mentioned complex particle, and the ingredient containing the element which can be alloyed. For 
example, an oxide, a nitride, etc. may be mentioned as a compound, other alloys, solid solutions, etc. with a 
metal may be mentioned as a metal, and, otherwise, an intermetallic compound is sufficient. Moreover, that to 
which B and P were doped in semi-conductor elements, such as Si and germanium, it became the semi- 
conductor of n mold or p mold, and electric resistance fell greatly may be used. The ingredient containing a 
lithium and the element which can be alloyed has a desirable globular form, in order to avoid concentration of 
the internal stress by cubical expansion. Moreover, as an element in which Li and alloying are possible, 
elements, such as Ag, Au, Zn, Cd, aluminum, Ga, In, Tl, germanium, Pb, Si, Sn, Sb, and Bi, are used 
preferably. In this, the amount of occlusion of Si of Li is the largest, and it is cheap, and especially since it is 
satisfactory also in respect of an environment, it is desirable. 

[0024] Moreover, as for the ingredient containing the above-mentioned lithium and the element which can be 
alloyed, it is desirable that mean particle diameter is a particle 2 micrometers or less. It is because it is hard 
coming to carry out pulverization of the complex particle and cycle endurance can be improved more 
effectively. 

[0025] In this invention, when a complex particle has a predetermined volume-of-voids pulse duty factor, the 
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opening can be utilized effectively, Li at the time of charge and discharge and the cubical expansion of the 
ingredient containing the element which can be alloyed can be absorbed, and the cubical expansion of the 
complex particle itself can be controlled. Therefore, it is desirable that it is at least one chosen from metallic 
materials, such as a carbon material of fibrous or a coiled form which is easy to form an opening, and copper of 
fibrous or a coiled form, as a conductive ingredient. Especially, a fibrous carbon material can have the junction 
of the ingredient which can follow in expansion and contraction of the ingredient containing the above- 
mentioned lithium and the element which can be alloyed which has the supple shape of thin yarn, and which 
sake [ an element ], joins or adjoins effectively, in addition contains the element in which Above Li and 
alloying are possible since bulk density is large, and many as compared with the acetylene black of the shape of 
a conventional particle, or an artificial graphite. Furthermore, in order to make it follow in expansion and 
contraction effectively, as for a fibrous carbon material, what has the elastic force which can be deformed 
plastically is more desirable. 

[0026] As a fibrous carbon material, although especially the fiber length and diameter are not restricted, 1 
micrometers or more mean fiber length's 30 micrometers or less are desirable. If it is this within the limits, the 
electric junction in a complex particle will become good, an electronic conduction network can be built in a 
complex particle, and a charge-and-discharge property will improve. Moreover, the diameter of a fibrous carbon 
material has desirable 2 micrometers or less. If it is this within the limits, a fibrous carbon material has 
sufficient elasticity and can follow in the expansion and contraction accompanying the charge-and-discharge 
cycle of the ingredient containing a lithium and the element which can be alloyed effectively. 
[0027] This fibrous carbon material tends to be ground by strong kneading and strong distributed processing, 
and it may become impossible to take a fibrous gestalt. Therefore, it is desirable to carry out on the conditions 
by which a fibrous carbon material cannot be ground easily in the case of compound-izing. 
[0028] As a fibrous carbon material, a polyacrylonitrile (PAN) system carbon fiber, a pitch based carbon fiber, a 
vapor growth carbon fiber, etc. can be used. As conductive ingredients other than a fibrous carbon material, it 
has high electrical conductivity and high solution retention, and even if the ingredient containing a lithium and 
the element which can be alloyed contracts, carbon black, such as acetylene black which has the function which 
can maintain contact, and KETCMEN black, an artificial graphite, easily graphitized carbon, difficulty 
graphitized carbon, etc. can use it suitably. 

[0029] Moreover, as for the above-mentioned complex particle, being covered with the ingredient which 
contains carbon further is desirable. It is for controlling expansion of a complex particle effectively and 
lowering the electric contact resistance between complex particles further. Type section drawing at the time of 
discharge of the complex particle covered with the ingredient which contains carbon in drawing 3 , and charge 
is shown. Li and C which is an ingredient containing the element which can be alloyed and which is Si particle 
and a conductive ingredient, for example — a predetermined opening — a coat (enveloping layer) ~ a wrap — 
expansion of a complex particle can be controlled by things. 

[0030] It is desirable to cover with the carbon which pyrolyzes the gas (hydrocarbon system gas) which consists 
of a compound which contains carbon and hydrogen, such as toluene, especially in a gaseous phase, and is 
obtained, or the carbon of the difficulty graphitized-carbon (hard carbon) system which calcinates a carbon 
precursor and is obtained. It is because these carbon is excellent in electronic conduction nature. Moreover, it is 
more effective if it covers combining the two above-mentioned kinds of carbon. 

[0031] The thing of a petroleum system and a coal system can be used as a carbon precursor, for example, 
acrylic resin, such as a resultant pitch, tar, phenol resin, furan resin, a polyacrylonitrile, and Pori (alpha- 
halogenation acrylonitrile), polyamidoimide resin, polyamide resin, polyimide resin, etc. can be used. The 
solvent which dissolves these carbon precursors may be used on the occasion of mixing with a complex 
particle. As a solvent, hydrocarbons, such as amides, such as various alcohols, such as ketones, such as a 
tetrahydrofuran and an acetone, a methanol, and ethanol, dimethylformamide, and dimethylacetamide, toluene, 
a xylene, and benzene, are mentioned, for example. When a solvent is used on the occasion of mixing, a solvent 
is removed by heating mixture under reduced pressure preferably at the temperature of 50-150 degrees C before 
baking. 

[0032] Moreover, it is desirable to perform the above-mentioned pyrolysis and baking above 700 degrees C, 
and it is more desirable to carry out above 800 degrees C. It is because conductive good high carbon is obtained 
that survival of an impurity has little one where processing temperature is higher. When covering a complex 
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particle with carbon from the above viewpoint, as for the melting point of the ingredient containing a lithium 
and the element which can be alloyed, it is desirable that it is 700 degrees C or more. 
[0033] Next, the gestalt of implementation of the manufacture approach of the electrode material of this 
invention is explained. One gestalt of the manufacture approach of the complex particle of this invention 
produces a complex particle by corning a lithium, the ingredient containing the element which can be alloyed, 
and a conductive ingredient. Then, it mixes with carbon precursors, such as resin, and a carbon precursor can be 
carbonized or carbon can also cover a complex particle by approaches, such as carrying out a carbon coat with a 
CVD method (Chemical Vapor Deposition Method). As the granulation approach, rolling granulation, 
compression granulation, sintering granulation, oscillating granulation, mixing granulation, crack granulation, 
rolling fluidized bed granulation, the granulation by the spray-drying method, etc. are used suitably. 
[0034] The granulation by the spray-drying method is the approach of corning by spraying the slurry which 
mixed the ingredient and the solvent and drying. Since it is [ being grinding and ] more efficient to carry out in 
a solvent for distributing 2 micrometers or less, the granulation according an ingredient particle to the spray- 
drying method is suitable for making a particle 2 micrometers or less compound-ize. Moreover, control of 
particle size is also easy the method, and the configuration of the corned particle is also a globular form, and 
since there are few possibilities that a fiber configuration may be pulverized even if the spray-drying method 
uses a fibrous conductive ingredient in order to perform neither strong kneading nor strong distributed 
processing further, it is desirable especially as the granulation approach. As a solvent used for the spray-drying 
method, it is desirable to use a nonaqueous solvent (solvent which does not contain water). It is because 
possibility that the front face of the ingredient containing a lithium and the element which can be alloyed will 
oxidize is high when a drainage system solvent (solvent containing water) is used. Especially as a nonaqueous 
solvent, alcohols are desirable from a viewpoint of handling nature or the ease of desiccation. Moreover, a bead 
mill, a ball mill, a wet jet mill, etc. can use it for distribution of a slurry suitably. A polyvinyl pyrrolidone 
(PVP), polyvinyl alcohol (PVA), etc. can use it for the binder at the time of the granulation which served as the 
dispersant suitably. The dispersant and binder which remained after granulation can be carbonized by heat- 
treatment. Moreover, when a rolling granulation, rolling fluidized bed granulation, etc. are performed and the 
particle is corned with the conductive ingredient of further others after the granulation by the spray-drying 
method in two steps, especially since an opening can be introduced efficiently and an electronic conduction 
network can also be built further efficiently, it is desirable. 

[0035] The volume-of-voids pulse duty factor in a complex particle is controlling the class of charge of an 
admixture, mean particle diameter, a mixed rate, granulation conditions, etc., and can attain 35 - 70%. the ratio 
of the total surface area Ss of the ingredient containing the lithium and the element which can be alloyed 
especially contained in one complex particle, and the total surface area Sc of a conductive ingredient — it 
becomes easy to obtain 35% or more of volume-of-voids pulse duty factor as Sc/Ss is 50 or less [ 0.5 or more ]. 
Moreover, the size and the amount of an opening of a complex particle can be more effectively controlled by 
making it contain in the ingredient before corning resin, such as polyethylene (PE) and polystyrene (PS), 
corning, heating after that, making resin burn or sublimate and removing it. 

[0036] Next, the gestalt of operation of the negative electrode for nonaqueous rechargeable batteries of this 
invention and a nonaqueous rechargeable battery is explained. One gestalt of the negative electrode for 
nonaqueous rechargeable batteries of this invention is a negative electrode containing the electrode material of 
this invention explained above. 

[0037] Moreover, the negative electrode for nonaqueous rechargeable batteries containing the electrode material 
of above-mentioned this invention Potential of charge initiation of the negative electrode for nonaqueous 
rechargeable batteries is set to 1.5V to a lithium metal. To [ in the volume of the complex particle after charging 
quantity of electricity of 1000mAh(s) for the volume of the complex particle at the time of this charge initiation 
per VI and lg of complex particles / to V2 and a pan / condition / that / charge / a lithium metal ] for a complex 
particle to the potential of 1.5V When the volume of the complex particle after making it discharge is set to V3, 
the coefficient of cubical expansion at the time of the charge searched for by (V2-V1) / VlxlOO (%) to 68% or 
less And the rate of a volumetric shrinkage (%) at the time of the discharge called for by (V2-V3) / (V2-V1) 
xlOO can be made 85% or more. 

[0038] The nonaqueous rechargeable battery which is high capacity and was excellent in the cycle property by 
this can be constituted. That is, when the coefficient of cubical expansion at the time of charge exceeds 68%, 
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the metallic foil which is a charge collector carries out plasmotomy, and it becomes easy for expansion of the 
thickness direction of a negative electrode to become large too much, and for distortion etc. to occur in a 
negative electrode or to produce an adverse effect to cell structure and a component. Moreover, in connection 
with a charge-and-discharge cycle, possibility that the interior of a complex particle or the electronic conduction 
network between complex particles will sever becomes high. On the other hand, it is presumed that electric 
contact into a lithium, the ingredient containing the element which can be alloyed, and a conductive ingredient 
is inadequate when the rate of a volumetric shrinkage at the time of discharge is less than 85% (i.e., when the 
complex particle which expanded by charge does not contract at the time of discharge but it is inferior to the 
reversibility of expansion of the particle in charge and discharge and contraction), and a problem arises in a 
charge-and-discharge cycle property etc. 

[0039] Moreover, as for the complex particle used for the above-mentioned negative electrode for nonaqueous 
rechargeable batteries, it is desirable that the specific surface area is under 50m2/g. If it is this range, since the 
binder contained in a negative electrode will not be buried in the surface layer of a complex particle, possibility 
that the adhesive property of a complex particle and a charge collector will not get worse, but irreversible 
capacity will increase is low. 

[0040] Moreover, one gestalt of the nonaqueous rechargeable battery of this invention is the nonaqueous 
rechargeable battery equipped with the negative electrode for nonaqueous rechargeable batteries of this 
invention explained above, a positive electrode, and nonaqueous electrolyte. 

[0041] Although especially definition is not carried out, as for the charge approach of the above-mentioned 
nonaqueous rechargeable battery, it is desirable to carry out by the approach which combined constant current 
or constant current, and a constant voltage. For example, the method of charging combining the constant-current 
charge field which charges charge with a fixed current value (I), and the constant-potential charge field which 
carries out constant-potential charge by the programmed voltage (E) after reaching a programmed voltage (E) is 
desirable until it reaches a programmed voltage (E). It is because the capacity which the efficient charge of was 
attained by this and set up by the shortest time amount can be pulled out. In addition, although especially 
definition is not carried out, as for a charging current value, it is desirable to carry out with two or less 10 
mA/cm current density. It is because sufficient capacity will no longer be obtained if this is exceeded. 
[0042] Moreover, the cycle property of a nonaqueous rechargeable battery may improve by restricting the 
amount of Li(s) by which occlusion is carried out to the ingredient containing a lithium and the element which 
can be alloyed. For example, although Si is charged and an alloy (LixSi) with Li is formed, it is desirable that it 
is the range of x<=2.625, in exceeding x= 2.625 (Li21Si8), an expansion coefficient becomes large, and the 
result that a cycle property falls is obtained. 

[0043] the complex particle of this invention — a simple substance — a binder — mixing — the object for 
negative electrodes — although it can consider as a mixture (mixture of a negative-electrode component), the 
electrical conducting material further for negative electrodes may be introduced, the object for negative 
electrodes — the electrical conducting material for negative electrodes at the time of producing a mixture 
Although there will be especially no limit if it is the electronic conduction nature ingredient which does not 
cause a chemical change in the constituted nonaqueous rechargeable battery Usually, natural graphites (flaky 
graphite, a scale-like graphite, earthy graphite, etc.), an artificial graphite, One sort or these can be mixed and 
conductive polymers, such as carbon black, such as acetylene black and KETCHIEN black, a carbon fiber, a 
metal powder (powder, such as copper, nickel, aluminum, and silver) and a metal fiber, or a polyphenylene 
derivative, can be used. 

[0044] As a binder used for the above-mentioned negative electrode, for example Starch, polyvinyl alcohol, A 
carboxymethyl cellulose, hydroxypropylcellulose, a regenerated cellulose, Diacetyl cellulose, polyvinyl 
chloride, a polyvinyl pyrrolidone, Polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, 
Polypropylene, an ethylene-propylene-diene terpolymer (EPDM), One sort, such as polymers which have 
polysaccharide, such as sulfonation EPDM, styrene butadiene rubber, butadiene rubber, polybutadiene, a 
fluororubber, and polyethylene oxide, thermoplastics, and rubber elasticity, and these conversion objects, or two 
sorts or more can be mixed and used. 

[0045] A positive -electrode ingredient, an electrical conducting material, a binder, etc. are contained in the 
above-mentioned positive electrode. Although various kinds of things can be used without being limited 
especially as this positive-electrode ingredient Especially LixCo02, LixNi02, LixMn02, LixCoyNil-y02, 
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LixCoyMl-yOz, LixNil-yMyOz, LixMn 204, LixMn2-yMy04 (M) It is at least one sort and 0<=x<=l.l 
among Mg, Mn, Fe, Co, nickel, Cu, Zn, aluminum, and Cr. 0< y<1.0 Li content transition-metals oxides, such 
as 2.0<=z<=2.2, are used suitably. 

[0046] If it is the electronic conduction nature ingredient which does not cause a chemical change as an 
electrical conducting material for positive electrodes in the charge and discharge potential of the positive- 
electrode ingredient to be used, especially the class will not be restricted. For example, conductive fiber, such as 
carbon black, such as graphite, such as a natural graphite and an artificial graphite, or acetylene black, 
KETCHEEN black, channel black, furnace black, lamp black, and thermal black, or a carbon fiber, and a metal 
fiber, can be used for independence or these, mixing. In these electrical conducting materials, an artificial 
graphite, acetylene black, and especially KETCHIEN black are desirable. 

[0047] As a binder for positive electrodes, for example Polyethylene, polypropylene, Polytetrafluoroethylene 
(PTFE), polyvinylidene fluoride (PVDF), Styrene butadiene rubber, a tetrafluoroethylene-hexafluoro ethylene 
copolymer, A tetrafluoroethylene-hexafluoropropylene copolymer, a tetrafluoroethylene-perfluoroalkyl vinyl 
ether copolymer, a vinylidene fluoride-hexafluoropropylene copolymer, a vinylidene fluoride- 
chlorotrifluoroethylene copolymer, an ethylene-tetrafluoroethylene copolymer, etc. - it can be used — these 
ingredients — independence — or it can mix and use. Moreover, the more desirable ingredients in these 
ingredients are PVDF and PTFE. 

[0048] Although either the liquefied electrolyte generally called the electrolytic solution a gel polymer 
electrolyte or a solid electrolyte can be used as nonaqueous electrolyte of lithium ion conductivity used for the 
nonaqueous rechargeable battery of this invention, a liquefied electrolyte, a gel polymer electrolyte, etc. are 
desirable. 

[0049] The liquefied electrolyte consists of an organic solvent and a Li salt which dissolves in the organic 
solvent. As an organic solvent, propylene carbonate, ethylene carbonate, Butylene carbonate, dimethyl 
carbonate, diethyl carbonate, Methylethyl carbonate, gamma-butyrolactone, 1, 2-dimethoxyethane, A 
tetrahydrofuran, 2-methyl tetrahydrofuran, dimethyl sulfoxide, 1, 3-dioxolane, a formamide, 
dimethylformamide, dioxolane, An acetonitrile, nitromethane, methyl formate, methyl acetate, phosphoric acid 
triester, Trimethoxy methane, a dioxolane derivative, a sulfolane, 3-methyl-2-oxazolidinone, The solvent which 
mixed at least one or more sorts of aprotic organic solvents, such as propylene carbonate derivative, 
tetrahydrofuran derivative, diethylether, 1, and 3-propane sultone, can be used. Moreover, as a Li salt dissolved 
in the organic solvent, one or more sorts, such as LiC104, LiBF6, LiPF6, LiCF3S03, LiCF3Cs 02, LiAsF6, and 
LiSbF6, LiBlOCllO, low-grade aliphatic carboxylic acid Li and LiAlC14, LiCl, LiBr, Lil, the chloro borane Li, 
and the 4 phenyl boric acid Li, can be used, for example. Especially, the liquefied electrolyte which made the 
mixed solvent with ethylene carbonate or propylene carbonate, 1, 2-dimethoxyethane and diethyl carbonate, 
methylethyl carbonate, etc. contain LiC104, LiBF6, LiPF6, LiCF3S03, etc. is desirable, although especially the 
amount that pours in these liquefied electrolytes into a cell is not limited — the amount of an active material, and 
the size of a cell — **** for initial complements — things are made. Although especially the concentration of Li 
salt in this liquefied electrolyte is not limited, 0.2-3.0 mols per 11. of liquefied electrolytes are desirable. 
[0050] Moreover, a gel polymer electrolyte is equivalent to what gelled the above-mentioned liquefied 
electrolyte with the gelling agent. As the gelling agent, for example Straight chain-like polymers or those 
copolymers, such as polyethylene oxide and the poly acrylic nitril, Or the polyfunctional monomer polymer- 
ized by the exposure of activity beams of light, such as ultraviolet rays and an electron ray, For example, 
pentaerythritol tetraacrylate, ditrimethylolpropanetetraacrylate, Ethoxylation pentaerythritol tetraacrylate, 
dipentaerythritol hydroxy pentaacrylate, The acrylate of four or more organic functions, such as 
dipentaerythritol hexaacrylate, and the above-mentioned acrylate, the same methacrylate of four or more 
organic functions, etc. are used. However, even when using the above-mentioned monomer, the monomer itself 
remains as it is, and it does not become a gelling agent, but the polymer which polymer-ized them acts as a 
gelling agent. 

[0051] When making a liquefied electrolyte gel using polyfunctional monomer as mentioned above, if required, 
as a polymerization initiator, for example, benzoyls, benzoin alkyl ether, benzophenones, benzoyl phenyl 
phosphoretted hydrogen oxide, acetophenones, thioxan tons, and anthraquinone can be used, and alkylamines, 
amino ester, etc. can be further used as a sensitizer of a polymerization initiator. 

[0052] The large-sized things used for an electric vehicle besides being a coin mold, a carbon button mold, a 
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sheet mold, a laminating mold, cylindrical, flat, a square shape, etc. as a configuration of the nonaqueous 

rechargeable battery of this invention may be any. 

[0053] 

[Example] Hereafter, an example explains this invention in more detail. However, this invention is not limited 
to these examples. 

[0054] (Example 1) Fibrous carbon (CF: carbon fiber) with a diameter of 0.2 micrometers and a graphite with a 
mean particle diameter of 2 micrometers were mixed with Si powder with a mean particle diameter of 1 
micrometer with the mass ratio by 5 micrometers of mean fiber length at the compounding ratio of 
Si:CF:graphite =60:30:10, and these were corned using the tumbling granulator of a churning type. 
Consequently, the complex particle with a mean particle diameter of 10 micrometers was obtained. The true 
density (D2) of the complex particle was 3, and 2.20g (Dl)/cm of bulk density was 0.8 g/cm3. Therefore, the 
volume-of-voids pulse duty factor Vs of this complex particle was able to be found with 51% from the formula 
of Vs=(l-1.35xDl/D2) xlOO. 

[0055] As opposed to the obtained complex particle 90 mass section as an electrical conducting material for 
negative electrodes Next, the carbon powder 5 mass section, The PVDF5 mass section was mixed as a binder, 
the dehydration N-methyl pyrrolidone was made to distribute these, the slurry was produced, and it applied on 
the negative-electrode charge collector which consists of copper foil, it dried, and after rolling out, it cut off to 
disc-like [ with a diameter of 16mm ], this was dried under vacuum for 24 hours, and it considered as the 
negative electrode. 

[0056] About the complex particle obtained above, the property as an electrode material of the negative 
electrode for nonaqueous rechargeable batteries was examined by the following approach. 
[0057] The coin mold model cell was produced combining the above-mentioned negative electrode and the 
metal Li of a counter electrode. What carried out 1 mol/L dissolution of the 6 fluoride [ phosphoric-acid ] 
lithium was used for the mixed solvent (mixed volume ratio 1:1) of propylene carbonate and dimethyl carbonate 
at the electrolytic solution. After discharging until the potential of a negative electrode was set to 1.5V on 
lithium metal criteria, some model cells were disassembled and it asked for the volume VI of the complex 
particle at the time of charge initiation by the below-mentioned approach. Subsequently, the complex particle of 
a negative electrode was charged for the remaining cell with quantity of electricity of 1000mAh(s) perg, and it 
asked for the volume V2 of a complex particle by the same approach from some cells in this. Furthermore, the 
remaining cells were made to discharge until the potential of a negative electrode was set to 1.5V on lithium 
metal criteria, and it asked for the volume V3 of a complex particle by the approach that it is the same after 
discharge termination. It asked for the coefficient of cubical expansion at the time of charge [(V2- 
VI) /VlxlOO], and the rate of a volumetric shrinkage at the time of discharge [(V2-V3) /(V2-V1) xlOO] from 
this result. Consequently, the coefficient of cubical expansion at the time of charge was 65%, and the rate of a 
volumetric shrinkage at the time of discharge was 85%. 

[0058] It asked for the volume of the above-mentioned complex particle by the following approach. After 
dimethyl carbonate washed the negative electrode to measure under the argon ambient atmosphere, even the 
scanning electron microscope (SEM) was conveyed in the airtight condition, without touching atmospheric air, 
and it asked for the particle size of 100 particles of arbitration from the SEM photograph, and it asked for the 
volume, having assumed the configuration of a complex particle to be spherical. And average particle volume of 
100 pieces was made into the volume of the complex particle for which it asks. 

[0059] On the other hand, the cycle property of the coin mold model cell using the above-mentioned complex 
particle was investigated. The charge-and-discharge approach of a cell was performed as follows. Charge 
charged by the constant voltage after making current density into 0.5 mA/cm2, charging by constant current and 
a charge electrical potential difference's amounting to 120mV until it became the current density of 1/10. 
Discharge was performed by the constant current of current density 0.5 mA/cm2, and discharge final voltage 
was set to 1.5 V. 

[0060] Consequently, the discharge capacity of a two-cycle eye was 1 100mAh(s) per lg of complex particles, 
and the capacity retention [(discharge capacity of the discharge capacity / two-cycle eye of 50 cycle eye) xlOO] 
of 50 cycle eye was 70%. 

[0061] (Example 2) CF with a diameter of 0.2 micrometers and a graphite with a mean particle diameter of 2 
micrometers were mixed with Si powder with a mean particle diameter of 1 micrometer with the mass ratio by 5 
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micrometers of mean fiber length at the compounding ratio of Si:CF:graphite =60:30:10, and these were corned 
using the tumbling granulator of a churning type. Consequently, the complex particle with a mean particle 
diameter of 10 micrometers was obtained. Thus, the SEM photograph of the produced complex particle is 
shown in drawing 1 . 

[0062] Then, the CVD method covered the complex particle by 1000 degrees C with carbon by making benzene 
into the source of carbon. The covered carbon content was calculated from mass change of the complex particle 
before and behind a coat. The presentation of the complex particle was Si:CF:graphite:CVD carbon =56:28:9:7 
in the mass ratio. The true density of the obtained complex particle was 2.20 g/cm3, and bulk density was 0.85 
g/cm3. Therefore, the volume-of- voids pulse duty factor Vs of this complex particle was able to be found with 
48% from the above-mentioned formula. Next, when the negative electrode was produced like the example 1, 
the coefficient of cubical expansion at the time of the charge measured like the example 1 was 50%, and the rate 
of a volumetric shrinkage at the time of discharge was 92%. 

[0063] Moreover, as a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle 
eye was 1000mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 85%. 
[0064] (Example 3) The complex particle was produced like the example 2 except having used CF with a 
diameter of 0.2 micrometers and a graphite with a mean particle diameter of 2 micrometers with the 
compounding ratio of Si:CF:graphite =60:30:10 with the mass ratio by Si particle with a mean particle diameter 
of 2 micrometers and 5 micrometers of mean fiber length. Si content of the obtained complex particle was 56 
mass % to the total mass of a complex particle, and the true density of the complex particle was 2.20 g/cm3, and 
bulk density was 0.98 g/cm3. Therefore, the volume-of-voids pulse duty factor of this complex particle was able 
to be found with 40%. Moreover, the coefficient of cubical expansion at the time of the charge measured like 
the example 1 was 62%, and the rate of a volumetric shrinkage at the time of discharge was 88%. 
[0065] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
950mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 75%. 
[0066] (Example 4) The complex particle was produced like the example 2 using the same raw material as an 
example 1 except having set the compounding ratio to Si:CF:graphite =40:35:25 with the mass ratio. Si content 
of the obtained complex particle was 37 mass % to the total mass of a complex particle, and the true density of 
the complex particle was 2.20 g/cm3, and bulk density was 0.81 g/cm3. Therefore, the volume-of-voids pulse 
duty factor of this complex particle was able to be found with 50%. Moreover, the coefficient of cubical 
expansion at the time of the charge measured like the example 1 was 50%, and the rate of a volumetric 
shrinkage at the time of discharge was 92%. 

[0067] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
700mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 95%. 
[0068] (Example 5) The complex particle was produced like the example 2 using the same raw material as an 
example 1 except having set the compounding ratio to Si :CF: graphite =75:15:10 with the mass ratio. Si content 
of the obtained complex particle was 70 mass % to the total mass of a complex particle, and the true density of 
the complex particle was 2.25 g/cm3, and bulk density was 1.0 g/cm3. Therefore, the volume-of-voids pulse 
duty factor of this complex particle was able to be found with 40%. Moreover, the coefficient of cubical 
expansion at the time of the charge measured like the example 1 was 55%, and the rate of a volumetric 
shrinkage at the time of discharge was 85%. 

[0069] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
1250mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 73%. 
[0070] (Example 6) The complex particle was produced like the example 2 except having used CF with a 
diameter of 0.1 micrometers and a graphite with a mean particle diameter of 2 micrometers with the 
compounding ratio of Si:CF:graphite =60:30:10 with the mass ratio by Si particle with a mean particle diameter 
of 1 micrometer and 10 micrometers of mean fiber length. Si content of the obtained complex particle was 56 
mass % to the total mass of a complex particle, and the true density of the complex particle was 2.20 g/cm3, and 
bulk density was 0.73 g/cm3. Therefore, the volume-of-voids pulse duty factor of this complex particle was able 
to be found with 55%. Moreover, the coefficient of cubical expansion at the time of the charge measured like 
the example 1 was 45%, and the rate of a volumetric shrinkage at the time of discharge was 92%. 
[0071] As a result of the cycle trial performed like the example 1, the discharge capacity of a two-cycle eye was 
1050mAh(s) per lg of complex particles, and the capacity retention of the electrode of 50 cycle eye was 87%. 
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[0072] (Example 7) The complex particle was produced like the example 2 except having used CF with a 
diameter of 0.2 micrometers with the compounding ratio of Si:CF=60:40 with the mass ratio by Si particle with 
a mean particle diameter of 1 micrometer and 10 micrometers of mean fiber length. After coating the obtained 
complex particle with a coal-tar pitch, it calcinated at 1300 degrees C and the front face of a complex particle 
was covered with hard carbon. 

[0073] Si content of the complex particle obtained eventually was 52 mass % to the total mass of a complex 
particle, and the true density of the complex particle was 2.10 g/cm3, and bulk density was 0.86 g/cm3. 
Therefore, the volume-of-voids pulse duty factor of this complex particle was able to be found with 45%. 
Moreover, the coefficient of cubical expansion at the time of the charge measured like the example 1 was 35%, 
and the rate of a volumetric shrinkage at the time of discharge was 95%. 

[0074] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
950mAh(s) per lg of complex particles, and the capacity retention of the electrode of 50 cycle eye was 88%. 
[0075] (Example 8) The polystyrene particle (PS) of 0.2 micrometers of mean diameters is further added to the 
same raw material as an example 1, and it is a Si:CF:graphite at a mass ratio :P The complex particle was 
produced like the example 2 except having used with the compounding ratio of S= 30:15:5:50. In order to burn 
or sublimate used PS at the time of CVD processing, a new opening is formed in a particle. Si content of the 
complex particle obtained eventually was 56 mass % to the total mass of a complex particle, and the true 
density of the complex particle was 2.20 g/cm3, and bulk density was 0.73 g/cm3. Therefore, the volume-of- 
voids pulse duty factor of this complex particle was able to be found with 55%. Moreover, the coefficient of 
cubical expansion at the time of the charge measured like the example 1 was 48%, and the rate of a volumetric 
shrinkage at the time of discharge was 90%. 

[0076] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
920mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 85%. 
[0077] (Example 9) The complex particle was produced like the example 2 except having used CF with a 
diameter of 0.2 micrometers and KETCHIEN black (KB) with a mean particle diameter of 0.05 micrometers 
with the compounding ratio of Si:CF:KB=60:30:10 with the mass ratio by Si particle with a mean particle 
diameter of 0.2 micrometers and 5 micrometers of mean fiber length. Si content of the obtained complex 
particle was 56 mass % to the total mass of a complex particle, and the true density of the complex particle was 
2.10 g/cm3, and bulk density was 0.68 g/cm3. Therefore, the volume-of-voids pulse duty factor of this complex 
particle was able to be found with 56%. Moreover, the coefficient of cubical expansion at the time of the charge 
measured like the example 1 was 50%, and the rate of a volumetric shrinkage at the time of discharge was 95%. 

[0078] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
lOOOmAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 87%. 
[0079] (Example 10) CF with a diameter of 0.2 micrometers, KB with a mean particle diameter of 0.05 
micrometers, and the polyvinyl pyrrolidone (PVP) as a dispersant were mixed with Si powder with a mean 
particle diameter of 0.2 micrometers in ethanol with the mass ratio by 5 micrometers of mean fiber length at the 
compounding ratio of Si:CF:KB:PVP=60:30:10:4. The slurry which carried out distributed mixing of this 
mixture with the wet jet mill, and was obtained after that was corned by the spray-drying method. 
Consequently, the granulation object with a mean particle diameter of 10 micrometers was acquired. Then, the 
CVD method covered the complex particle by 1000 degrees C with carbon by making toluene into the source of 
carbon. The covered carbon content was calculated from mass change of the complex particle before and behind 
a coat. The presentation of the complex particle was Si:CF:KB:CVD carbon =50:25:8:17 in the mass ratio. The 
true density of the obtained complex particle was 2.10 g/cm3, and bulk density was 0.68 g/cm3. Therefore, the 
volume-of-voids pulse duty factor was able to be found with 58%. Moreover, the coefficient of cubical 
expansion at the time of the charge measured like the example 1 was 48%, and the rate of a volumetric 
shrinkage at the time of discharge was 95%. 

[0080] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
1000mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 90%. 
[0081] (Example 11) Si powder with a mean particle diameter of 0.2 micrometers, KB with a mean particle 
diameter of 0.05 micrometers, and PVP as a dispersant were mixed in ethanol with the compounding ratio of 
Si:KB:PVP=70:30:3 with the mass ratio. The slurry which carried out distributed mixing of this mixture with 
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the wet jet mill, and was obtained after that was corned by the spray-drying method. Consequently, the 
granulation object with a mean particle diameter of 3 micrometers was acquired. CF with a diameter of 0.2 
micrometers was mixed with the acquired granulation object (Si/KB granulation object) with the mass ratio by 
5 micrometers of mean fiber length at the compounding ratio of Si/KB granulation object:CF=85:15, and the 
mixture was corned with the rolling gas flow method. Consequently, the complex particle with a mean particle 
diameter of 15 micrometers was obtained. Then, the CVD method covered the complex particle by 1000 
degrees C with carbon by making toluene into the source of carbon. The covered carbon content was calculated 
from mass change of the complex particle before and behind a coat. The presentation of the complex particle 
was Si:CF:KB:CVD carbon =50:10:25:15 in the mass ratio. The true density of the obtained complex particle 
was 2.10 g/cm3, and bulk density was 0.65 g/cm3. Therefore, the volume-of-voids pulse duty factor was able to 
be found with 60%. Moreover, the coefficient of cubical expansion at the time of the charge measured like the 
example 1 was 47%, and the rate of a volumetric shrinkage at the time of discharge was 95%. 
[0082] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
1000 mAh per lg of complex particles, and the capacity retention of 50 cycle eye was 92%. 
[0083] (Example 12) Si powder with a mean particle diameter of 1.0 micrometers, KB with a mean particle 
diameter of 0.05 micrometers, and PVP of a dispersant were mixed in ethanol with the compounding ratio of 
Si:KB:PVP=70:30:3 with the mass ratio. The slurry which carried out distributed mixing of this mixture with 
the wet jet mill, and was obtained after that was corned by the spray-drying method. Consequently, the 
granulation object with a mean particle diameter of 5 micrometers was acquired. Then, the CVD method 
covered the granulation object by 1000 degrees C with carbon by making toluene into the source of carbon. 
After coating the obtained complex particle with a coal-tar pitch further, it calcinated at 1300 degrees C and the 
front face of a complex particle was covered with hard carbon. 

[0084] Thus, the SEM photograph of the produced complex particle is shown in drawing 2 . Si content of the 
complex particle obtained eventually was 47 mass % to the total mass of a complex particle, and the true 
density of the complex particle was 2.10 g/cm3, and bulk density was 0.78 g/cm3. Therefore, the volume-of- 
voids pulse duty factor of this complex particle was able to be found with 50%. Moreover, the coefficient of 
cubical expansion at the time of the charge measured like the example 1 was 40%, and the rate of a volumetric 
shrinkage at the time of discharge was 95%. 

[0085] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
920mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 93%. 
[0086] (Example 13) Si powder with a mean particle diameter of 1.0 micrometers, KB with a mean particle 
diameter of 0.05 micrometers, and PVP of a dispersant were mixed in ethanol with the compounding ratio of 
Si:KB:PVP=60:40:4 with the mass ratio. The slurry which carried out distributed mixing of this mixture with 
the wet jet mill, and was obtained after that was corned by the spray-drying method. Consequently, the 
granulation object with a mean particle diameter of 5 micrometers was acquired. Then, the granulation object 
was calcinated without the source of carbon at 1000 degrees C. Si content of the complex particle obtained 
eventually was 56 mass % to the total mass of a complex particle, and the true density of the complex particle 
was 2.10 g/cm3, and bulk density was 0.75 g/cm3. Therefore, the volume-of-voids pulse duty factor of this 
complex particle was able to be found with 52%. Moreover, the coefficient of cubical expansion at the time of 
the charge measured like the example 1 was 55%, and the rate of a volumetric shrinkage at the time of 
discharge was 85%. 

[0087] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
1050 mAh per lg of complex particles, and the capacity retention of the electrode of 50 cycle eye was 80%. 
[0088] (Example 14) Si/Si2nickel complex powder with a mean particle diameter of 1.0 micrometers, KB with 
a mean particle diameter of 0.05 micrometers, and PVP of a dispersant were mixed in ethanol with the 
compounding ratio of Si:KB:PVP=85:15:l with the mass ratio. The slurry which carried out distributed mixing 
of this mixture with the wet jet mill, and was obtained after that was corned by the spray-drying method. 
Consequently, the granulation object with a mean particle diameter of 7 micrometers was acquired. Then, the 
CVD method covered the granulation object by 850 degrees C with carbon by making toluene into the source of 
carbon. Si content of the complex particle obtained eventually was 40 mass % to the total mass of a complex 
particle, and the true density of the complex particle was 3.10 g/cm3, and bulk density was 1.15 g/cm3. 
Therefore, the volume-of-voids pulse duty factor of this complex particle was able to be found with 50%. 
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Moreover, the coefficient of cubical expansion at the time of the charge measured like the example 1 was 40%, 
and the rate of a volumetric shrinkage at the time of discharge was 93%. 

[0089] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
800mAh(s) per Ig of complex particles, and the capacity retention of 50 cycle eye was 95%. 
[0090] (Example 1 of a comparison) The complex particle was produced like the example 1 except having used 
Si powder with a mean particle diameter of 1 micrometer and a graphite with a mean particle diameter of 2 
micrometers with the compounding ratio of Siigraphite =60:40 with the mass ratio. Si content of the obtained 
complex particle was 56 mass % to the total mass of a complex particle, and the true density of the complex 
particle was 2.20 g/cm3, and bulk density was 1.14 g/cm3. Therefore, the volume-of- voids pulse duty factor of 
this complex particle was able to be found with 30%. Moreover, the coefficient of cubical expansion at the time 
of the charge measured like the example 1 was 100%, and the rate of a volumetric shrinkage at the time of 
discharge was 77%. 

[0091] Although the discharge capacity of a two-cycle eye was 840mAh(s) per lg of complex particles as a 
result of performing a cycle trial like an example 1, the capacity retention of 50 cycle eye is 40%, and sharp 
capacity lowering was accepted. 

[0092] (Example 2 of a comparison) The complex particle was produced like the example 1 except having used 
Si powder with a mean particle diameter of 1 micrometer and a graphite with a mean particle diameter of 2 
micrometers with the compounding ratio of Si:graphite =90:10 with the mass ratio. Si content of the obtained 
complex particle was 84 mass % to the total mass of a complex particle, and the true density of the complex 
particle was 2.20 g/cm3, and bulk density was 1.10 g/cm3. Therefore, the volume-of-voids pulse duty factor of 
this complex particle was able to be found with 32%. Moreover, the coefficient of cubical expansion at the time 
of the charge measured like the example 1 was 1 10%, and the rate of a volumetric shrinkage at the time of 
discharge was 70%. 

[0093] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
1400mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 10%. 
[0094] (Example 3 of a comparison) The complex particle was produced like the example 1 except having used 
Si powder with a mean particle diameter of 1 micrometer and a graphite with a mean particle diameter of 2 
micrometers with the compounding ratio of Si:graphite =25:75 with the mass ratio. Si content of the obtained 
complex particle was 20 mass % to the total mass of a complex particle, and the true density of the complex 
particle was 2.20 g/cm3, and bulk density was 1.17 g/cm3. Therefore, the volume-of-voids pulse duty factor of 
this complex particle was able to be found with 28%. Moreover, the coefficient of cubical expansion at the time 
of the charge measured like the example 1 is 75%, and the rate of a volumetric shrinkage at the time of 
discharge was able to be found with 83%. 

[0095] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
500mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 50%. 
[0096] (Example 1 of reference) The tetramethoxy silane (TMOS) was dissolved in the tetrahydrofuran (THF) 
solution of a coal-tar pitch. Stirring and mixing of were done having added the graphite with a mean particle 
diameter of 5 micrometers in this solution, and flowing back in it. each compounding ratio — a mass ratio — 
THF:coal-tar pitch: - TMOS: - it is graphite =10:1:1:3. Subsequently, the vacuum drying of the THF was 
carried out and it was removed. A coal-tar pitch and TMOS were decomposed and carbonized for the obtained 
powder at 1000 degrees C among the nitrogen air current, and the complex particle which consists of the 
graphite and amorphous carbon containing silicon was obtained. Si content of this complex particle was 6 mass 
% to the total mass of a complex particle, and the volume-of-voids pulse duty factor of that complex particle 
was 12%. Moreover, the coefficient of cubical expansion at the time of the charge measured like the example 1 
was 30%, and the rate of a volumetric shrinkage at the time of discharge was 80%. 

[0097] As a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle eye was 
400mAh(s) per lg of complex particles, and the capacity retention of 50 cycle eye was 70%. 
[0098] (Example 2 of reference) By Si particle with a mean particle diameter of 2 micrometers and 5 
micrometers of mean fiber length, it mixed with the mortar with the mass ratio at the compounding ratio of 
Si:CF=60:40, and CF with a diameter of 0.2 micrometers was used as the electrode material. This electrode 
material is [ that Si and CF are only only mixed and ], and complex was not formed. The negative electrode was 
produced like the example 1 using this electrode material. 
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[0099] Moreover, as a result of performing a cycle trial like an example 1, the discharge capacity of a two-cycle 
eye was 650mAh(s) per lg of complex particles, and most discharge capacity of 50 cycle eye was 0 mAh/g. 
0100] The above result was shown in a table 1. 
[0101] 

A table 1] 
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3 0 
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8 4 0 


4 0 




3 2 
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14 0 0 
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2 8 


7 5 


8 3 


5 0 0 


5 0 


*#m 


1 2 


3 0 


8 0 


4 0 0 


7 0 


£*«2 








6 5 0 


0 



[0102] The complex particle of examples 1-14 has little expansion of the particle at the time of charge, and it 
turns out that it can contract reversibly at the time of discharge so that clearly from a table 1. Moreover, a big 
discharge capacity was shown, and even if it repeated the charge-and-discharge cycle, capacity lowering was 
excellent also in the cycle property few. On the other hand, the examples 1-3 of a comparison with a small 
volume-of-voids pulse duty factor had the large expansion at the time of charge, and were inferior to 
reversibility, and the capacity retention after a charge-and-discharge cycle also became remarkably low. 
[0103] In addition, the example 1 of reference is an example modeled after the patent reference 2, and the 
example 2 of reference is an example in which the complex particle is not made to form. 
[0104] 

[Effect of the Invention] As explained above, this invention can constitute the nonaqueous rechargeable battery 
which is high capacity and was excellent in the cycle property by suppressing expansion of an electrode 
material. 
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* NOTICES * 

•IPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0041] ±|2IMQJc««l©*«^*»KJK©4 

(E) I^T**T«, 3fe«£- £CD«ffi« (I) T^E 
«r-5^m«£^S^«t. K3£«E (E) 

i^mE (e) ^fem&jm-rzfew&mfci&t&m. 

#KlBB3®±$^^id*. 1 0mA/cm 2 £TF<Z>«8ft& 

[0042] u t^it^m/^Tm^ts 

S i {i35tt$nTL i (L i , S i ) 

•S>#. x^2. 6 2 5 0$effl-C*-50dW*K. x = 
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2. 6 2 5^51^ (LinSU) KfSS^at 
[0 0 4 3] *^G)^#3K[^jm#:TA*-f >^tS 

7^, JK*MK>« m -y^U r;i^x 

[0044] ±eMB^Wr)«;vf >^<tbT«, m 

l/>. X^l/>-^Dlf l/>-yx>^— V— (E 
PDM) , X)^>itEPDM. X^U>^> ? X>zf 
A> :/^>>x>rfA> jJ?U^s>x>, ^>y^rfA, 

[0045] ±ss3Emz.u. lEWMm. mmm, /u 

IIL iiCoOj, L i.Ni0 2 , L i.MnOi, Li. 
Co,Nii-,0!> L i.Co,Mi-iO., Li.Nii-y 
MrO., Li.Mn:Ou Li.Mm-rM.O^ (MJ£, 
Mg. Mn> Fe, Co. Ni, Cu, Zn. AK C 
r®^^M<tt)ia O^x^l. K 0<y< 
1. 0, 2. 0^z^2. 2) ^LiM^ 

mffimimmzm^n&i 
[0046] mmm^mmtnt ltis. fflt^iE®y- 

^itSfflTfs. cne.o^mtf**©*-?. Ait 

[0 0 4 7] IE8lfflO/\*-f>^<fcUT{^ tf'J 
5^ x^U->. ^'J^ahfU-X ^'Jfh77Mnifl/ 
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> (PTFE) . v{cM~ x )"fy (PVDF) . 

»SU^«^K*> PVDFtPTFETfeS. 
[0048] ^^O^TfCZ^WUKCffit/i-S >J T^-M" 

[0 0 4 9] wammm^ &mmt* ^owmm 

xg^l/*— K ^WPx^u*— K t- 
^D^i7h>, 1, 2-v>*h*->x^>. 5"h7t 
Fn;7^>, 2-/f;l^h7tH077>« 
yUI/7**->K 1. 3-i?t*V7>. tWIATS 
-7/?JW^75 -7t*V7>, 7-fehxh 

ujk xha^^>. mk*3-)v. msL*?-)v. tmh 

fa 7Jl-*^>, Z-*=3 L )l-2-ttV/ x ) ; ?S>* 
mfa *>X.J-)VX.—¥)V* 1. 3-^D/\'>^;i/b>^: 

}g»£-t±<5L i^L-Xli, «0*»i. L i C Id, L 
iBF«> L i PFi, LiCFsSOs. LiCFjC 
O* > LiAsFi. LiSbF., LiBi.Cl.., i 
ffimWim*»\'#>WtL i , LiAlCh, LiCK 
LiBr, Li I, i'DD^H i , iX^/ft^ 

#-#*-bi;£te:/nfc:U>#-3i^-b£> 1. 2 

^#-7fr*-h&<!f£©^g&K:, L i C 1 0< , 
LiBF., LiPF., L i CFi SOiftfiHlTS* 

fill'Jy WHSfcOO. 2~3. o^#$?£L- 
[0 0 5 0] y;P^7HUT-«»Sftt. _hfffi^K 



7) 4$M2 003-303 588 

12 

>^XU7.U1 — Jl^h^T^'JU—K v'hU^a 
-;^Dyi>^ h^7^ y i/- K x h+Mtro^x 

-;Pt Hu+v-^>^7^'J 1/- K ^>^x«J^'J 

\zte&<D-w*te<. ^n<s£tfyv-> ftufc^UT-^ 

[0 0 5 1] ±IE©<fc5K:^«6^/^-£^vr*&t£ 

u-c m«» i>*Mjm. ^>^>7jwi/x- 
7-f>tt->m 7-feh7x/>^ 9 L ?j-+-y->h> 

[0 0 5 2] ^^<D^7K=l^«?li<73^tUT«. 3 

-i >m. #*>m~ y-n. ass, pmM, apf 

[0 0 5 3] 

[HJfi^J] OT. SE«SWK<fcO*56iS^&tC»U<W 
30 hOT'lZfc^o 

[0054] ($mmi) w-mtmi um<Ds ivm 

W-i%m&& 5 umTSI 0 . 2Mm©iaS^j^ 
(CF : *-#>7r-f/N*-) f^i2/im©|| 
HitbTS i : CF :H&=6 0:3 0:1 0 

TifiSL^ 1 0 MmCD^#^^ 

d1#^n^o tCDS^^Sf* (D2) ti2. 2 
0g/cm\ (Dl) (JO. 8g/cm'T?^ 

fee ^©^^-^O^^^cS^V s (J, 

^ Vs= (1-1. 35XD1/D2) XlOOCSd^ 
5 l%<h^t?fc„ 

[0055] nznrcMsmtL^ onmM\z^ 

ftfilffl^®l*^<hbT^!|&*5Slfia5<t. A-f > 
y<h L-T PVDF 5 If SSS<h U ^n6^flJJ*N 
-^?;^o"j p>i:»fi$ii-TX7'J-$fmb, ^ 

2 4 P#P#!i8&$-e-Tft8s<h Ufc. 
[0 0 5 6] JblETftSnfcfc&fteTK^vr, ^tK 
5^ ^m?lkfflft«B<Dm8l*m<tLTCD#{±€:TfSO^t- 
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[0 0 5 7] ±?SMM^ fm<D&ML i ££*S*-8-fc> 
m (m&ttWtl : 1) KA7yftU>tUm«l 

mo i /Ltmvtt<D%m^rz» Mmaws&fiVtt 

ft^©S-&#fi-?€r 1 gSfcO 1 0 0 OmAhrotStt 
A®©«fe#ij^r>A&Mg*p-ei. 5VtC^*-t?St 

C (V2-V1) /VI X 1 0 0) t.1&m%<Dti8&W!& 
m C (V2-V3) / (V2-V1) X 1 0 0] Sr^a6 

[0 0 5 8] ±IS^-&#®?^#«StaTIB©^rfe^Je) 

(SEM) STttRSU SEM¥ 
S^effiS©S^Fl 0 0fi©&S^«6> 
®ttSi»i:SSbT#a^5i)fc. -€-bT> 100i 

[0059] --is. ism^mL^m^rz.^ >wz 

£AT©<t5irfTO^o ^ESteS^SSrO. 5mA/c 
m ! tU 5£««nf^E«*ff^> ^S«mEB&U 2 OmV 
1/10 omw&mz?3.z> £T5tmffi"??E 
«£fr^fc 0 ftl(J««!^0. SmA/cm'Otl 

[0 0 6 0] ^-GDteMH. 2iM^;i-@©ifcWi?*;W£-8- 

glfc<9 1 1 0 OmAhTfeD, 5 0+K^;U 

B©^»^at^ t (5o-b--r^^e<Di5c«^«/2-y--f 
^gco&w&ft) xi oo) tt7om^c 

[0 0 6 1] ($mM2) *Vmmi ftmOS itfcfc 
5jZi^SSfeB5itmT?itM0. 2 /imCDCFi:, ^ 
^2xim<DHia<h^ MMitVS i : CF :HS8=6 
0:30:1 0 ©6&&JfcT?ig£-U ZLtl*>*mfc&<Difc 

wmmzm^-zmt^rz. ^vm^ ^immi on 

■Smir?^ S E M^€r@ 1 td^To 

[0 0 6 2] igg^T. ^>-fe?>£#-#>M£UT. C 
VD&fCfcO 1 0 0 OtTlMt^KiTtlU 

CF : H$S : CVD^=5 6 : 28 : 9 : 7T$>^ 
#&nfc1S[^fl8ft : 3 t <OW»flB3:2. 2 0g/c 
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[0063] 1 tmmz ^;niifc 

£?5~>fclg** 2 +K ^^BOAfe^Si^^*^ 1 
g^it01 0 00mAhT$>0, 5 0t-T^@©§i 
JO fift¥»8 5^T&t?fc. 

[0 0 6 4] (31^3) Wt^2^m©S ifttf- 
<fc, W$5fftfi5MmTIt#0. 2 /AinOCFi:. ¥1% 
ei2 W m©ilSi5- SffifcTS i : CF : H&=6 
0:30:1 0©ie3-J*TJS^££W£> ^S6M2£H 

~Q3bK>. *©»£4m?*B«*fl3*2. 20g/ 

cm\ Jg^ffiiO. 9 8g/cm J T^t. tot, 

[0065] m&Mi tmmzv-z^ t> ivm&zn-? 

D9 5 0mAhT*"5, 5 0+K ^gcr^Sfiyf^i 

7 5%-Cfeofeo 

[0 066] <SafiW4) WWltR^JSW^ffl^ 
T> K-&it^SffltfcTS i : CF : M£Q=4 0:35: 

25t ufc£Wi> mm 2 tmmz\sxm&ftm-& 

e^(D^K»{C*f UT 3 7 S«% 0 , W~ 
-Sti#kT<DA&mZ 2. 2 0g/cm\ 0 . 

8 1g/cm J -!?*oL t¥^T, ^(Dm&Wfttf-CVQ 

mm&&gmz.5 o%t^rc *fe, ^ssCTitii 

[0 0 6 7] ^fi£0!|l t^rUT^-f ^;i«C^S:fft3 

fe^*, 2-y-r^;pso^t«§*im^#3&^i B sfc 

D 7 0 0mAhT$0> 5 O+K ^-»PB<7)^*^f^« 
^7 9 5%T7$>t3fe. 

[0068] eajsws) *«switrauiBW*^ 

T, S2^Jt<&S«tTS i : CF : 7 5 : 1 5 : 

i o t vrditfui- mmm 2 tmmz i^xm^im.^ 
&?<D£M&\zttisT 7 omm%-c$>o. *fe, toym 

2. 25g/cirf. 1 . 

\z vxwfeisttfmoymmmmz 5 5 %-?$> 0 , m 
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[0069] i tmm\z ut+k omm&n-o 

01 2 5 0mAhT?&9, 5 0-tM^@C*£S«if^ 
« 7 3%~Z$>-itZo 
[0 0 7 0] (SJIJ60IJ6) ¥*5i&&l MtnOS i 
¥^SES£gl 0/imTitMO. 1 /imCCFt, 
tmM2 umnm&il** SSSJtTS i : CF :HfiB= 
6 0:30:1 0 ©ffi^itTJB^XLEtfU^ ^6S^2i: 

(D s i ttftt m^#3^^®^K»'^bT« 5 6 ft 
fi%T&9. *<^6#*KP©*SaBi2. 2 0 

g/cnf, g&gliO. 7 3g/cirfT?ib^ fto 

fco ^660)jlt^HbTa!l5tbfc^E«l^<Z)^l 

[0071] $gmi tmmzvTft-orz&'(9)i$m 

0 1 0 5 0mAhT?&9> 5 0+K P)VE<DnM<D&M 

[0 0 7 2] mm7) T^&iUinfflS i » 
<fc> ¥^§gl 0/imTit^lO. 2 /imCCF 
f«JfcT?S i :CF = 6 0 : 4 0CDg5£ttTffl^fc£J^ 

Td&, 1 3 0 0CT^LT^#»cr>^ffi£/\- F 

[0073] mmizm^nrz.m.-B^m^s \ ^mrn 
«, m^im^<D^mmnzM^x5 2nm%^$>K). £ 

fc> J £V>mertF#F?<D*m9Bi2. 10g/cm ! , * 
^gteO. Seg/cm'T^fc. fot> Z(DM-cr 

<h^3bTS!C£bfc^«I^O^^a^i^tJ3 5 

[0074] i§6S0d 1 tH«K: utim oitm^n^ 
tdg£&. 2^p)\,E<Diim&mm&ti$(tT-igmrc 

«9 9 5 0mAhT*0, 5 0+K ^;WB©«®^»£ 

[0075] (HfiS0!i8) mmmi tBuaw^ 

W3Si£0. 2^m03H'J7fU>t^ (PS) SriO 
X.. S«t1?S i:CF:Jt&:PS = 30:15: 
5 : 5 0<Die£J*T?ffl^;tEmJ~ IW»i2<tl^Kb 

T^^-^^f^Lrc mwzP s\zcvD]&m\z 
m&zrdimm?tt^i L ft\zmrcugmi)Wf&-£ft 
s. g*s«K:# ■=> ntzM-smttf-oy s i its 

m&ffikTngmmiz 2. 2og/cm i > m&m* 

0. 7 3g/cm'1!^L t£r?T> 

tmmzLTmfcvt&e®$<Dmmmmz4 8%-v& 
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[0076] mmi tmmzv-cv'f ?)i$mz?rz> 
fdSMk. 2^^)VE<mmm-mm^mtf-\ 

09 2 0mAh-e^0. 5 OiM^gO^SGa^i 
8 5%T^fco 

[0 0 7 7] (Hfifi0«J9) ¥*£&&0. 2ttm0Sie 
¥-)$m§&5 lim-mMO . 2/imOCFt, ¥ 
i%3^0. 0 5um<D5-y?-3L>~77y9 (KB) £ 
Sr. mmt^S i : CF : KB = 6 0:30:1 OCDgH 

m&mtLToim&miz 2. log/cirf, 

0. 6 8g/cm , ^fe.fot. 
©S®#*lfi^p£«5 6%t^*t3fco ££u USSfcll 

tHSKc LTSlBt b^^sa^<^^^g^i 5 0 %~Z$> 
0> ife«^©^g|JRami9 5%T*^feo 
[0 0 7 8] $mmi tmmzVX^Z)Vffi&$:ftr3 

tz&zk. 2 +k >7)vm <m^mm&mL=? 1 g s^c 

20 OlOOOmAh^O, 5 O-tK^UBCD^ifiy^ 

[0 0 7 9] GfeKftll 0) 2umCSi 
¥i^ife^S5/imintflO. 2/im©CFt, 
W&&0. 0 5MmCDKBt> #f!t#J<fcUT<Dtf U If 
-JKfDU F> (PVP) K«tTS i : CF : 

KB : PVP = 6 0:30:1 0: 4 (DiB^itTX^ / 

-rtetcTig^bfc -tflfflisa. ^pi^ii o/zmoig^ 
cvDfetCcfco 100 o^-zm&mff&mm-zwmis 

CF : KB : CVD^j|=5 0 : 2 5 : 8 : 1 7T?&t> 
&o #6*T^*^#«fF<!!)*«flBa2. lOg/c 
m\ g&miZO. 6 8g/cm"!?fofc. t¥oT> S 
Ri#^£^f45 8%<!:^^fco ^SS0!ll<hl^ 

L-TSflje U^c^S«l^<^II^^f3:4 8 0 . 
SSctt^fO>f*««0»3:9 5%T?*r>^o 
4i? [0 0 8 0] mfeM 1 tRWKUT-y-'f V)Wm&?t^ 

fd&m* 2 m ovm vim&mm&mt? 1 g 

0 1 0 0 OmAhT^D, 5 0+>-f ^)WB©§S^f^ 
ti9 0%T*o/!^ 
[0 0 8 1] <mmi 1) ^l^^O. 2iimOSi 
¥^SM0. 0 ftm\£VX 
OPVPte> Kait^S i : KB : PVP = 7 0 : 3 
0 : 3 CDK-^ltTi^ / —)U^\ZXM-tVr^ Z.<DM& 
y*Zm£0>iS x v h 5 )PT^S-& 
77'J >^U- H 7< fefCTitMU^o 

5^ ^i^^sjamcDigfe^^^nfeo %t>nram& 
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(s i /KBjgifttfto ¥-%%m&5um-mmo. 

2tfm©CFt^ nmtfZS i/KBig&#: CF = 
8 5:1 5©I&&ifcT*S-&U ^©S^S-^S^i* 

CVDj*HJ;0 1 0 0 Ot;T^#»££Srz?fcaSU 

CF : KB : CVD^=5 0 : 1 0 : 2 5 : 1 5T?£> 
^>fco #6*lfc*-6#*a*®JWfflB42. lOg/cm 
\ gf»JO. 6 5g/cm s T*ofc. fi£t?T, £BI 
#SfiStW^«6 OXt^^fCo £*c> ^6fe03l tf^lt 

«Pt©fWiK*&*S« 9 5 %T?$>^/co 

[0082] i©s0tj i £mmzvTy-^p)imk%ftr> 

0 1 0 0 0 mAhTJ£><9> 5 O'tH'?;i'g0MR& 
^fi9 2%Tffc^^o 
[0 0 8 3] (^SS^Il 2) OiimOSi 
W-i^SMO. 0 5/imOKBt. #$8!l<Z>PV 
Pt^ KSitTS i : KB : PVP = 7 0:3 0:3 

-£X7l/-F^<&K:Tji&U*:o 
m>mtVT. CVDmz^K) 1 0 0 0*C-eigfe#:£^ 
;Ptf y^TJH— 5r-r >yU7c^ 1 3 0 0t:T?#B&LT 
[0 0 8 4] ^ CDct ^ (C UTff3S bZc&-&#£ff © S E 

*0» f®S^MfO»J2. lOg/c 

m\ {g&SfiO. 7 8g/cm'1?^t. C 

[0 0 8 5] H3£0U tRWCUW ^JHi^^ff^ 
fclS*. 2 im ?;Ug©ifc®§Si1&&f#&^ 1 g HSfe 
99 2 0mAhT&9, 5 01M & frBO&m&gf&te 
9 3%T$>^^Co 

[0086] (^SS^Jl 3) 3pSe&l. 0/imOSi 
¥1%*&M0. 0 5/im©KBt, ^fM©PV 
P££\ SfftftTS i : KB : PVP = 6 0:40:4 

-^T.^-F^&KTigSU'co -t©18*. 
#5/im<Dji£Mfc!m£n/co ^iT, *-^>i^U 
C 1 0 0 O e CTitiftte£6l6&Ufc «R«JIC#6*1^* 
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5 6gs%-?&9. */c. ^(Dm&im^m&miz 

2. 1 Og/cirf, Jg^fiO. TSg/cm'T^ 
/Co £©^fl2ft^^#^£W^t5 2% 

<t^*o^o */c, ssaswitRwcuTMieufc^M 

8 5%T?&o7co 

[0 0 8 7] iqsmi tmmzvx^^jvmk^n^ 

//? D1 0 50 mAh1?*0, 5 01M 
S£3#3y±8 0%T?*^feo 

[0088] eaSWl 4) O^mCDSi 
/S i . N i *£#»5|5£, V^JftMO. 0 5/imOK 
B<h. ^MBBWOPVPt*, MttTS i : KB : PV 
P = 85: 15: 1 ©B^JfcTX^y— JP+KTfflr&U 

20 5 O'Cejgfe^^^TScSb/Co «**«jk:#s*t^si 

s i&smz. a^#&f«isii^uT 

4 0 WI^MfcSlffii 

3. 1 Og/cirf, Sg^SSil. 15g/cm'T^ 
/Co fot. cC9^M^aiMfit$H5 0% 
<h^*^/Co £/c> *SfcWltPI«K:UT«l3£bfc3te« 

9 3%T?S>r>7co 

[0089] mi £H«icuTiM*;i^*fT~> 
fcH*, 2 ik ^;n©fts§»ii^M^ i g mrc 

30 D8 0 0mAhT$>«9, 5 0-9-f 
9 5%17&^fco 

[0 0 9 0] (H^DT^l/tm^SiW 
^^KM2 /imOHSStS:, SSifclfS i : JB0B= 

6 0:4 0©Se£Jt-Cffl^/c£W3u SU6M1 t^lC 

d . s/c. ^(D&swm-oinmmte 2. 2 0 g/ c m 

3 . Jg^S«l. Hg/cm'^L Z1<D 
^^^0^#ISc&»4 3 0 % £5fc£^/co S 

/c> ^ss^ij 1 £mu\zisTW£^ttw%<Dti&ffim& 

IJ10 0%T?*0. ^C«^<^|i^^i7 7%T~$>r> 
/c 

[00 9 1] ^JS^J 1 fcRMSKUCtM' ^Jl^S^^ff^ 
&IS*. 2 it-f ^;UB Oim^Stim-a-^!:^ lgSfc 
D8 4 0mAh^^ 5 O+h-f ? )]sg<D&m&& 
^{J4 0%1?*0. ^:<g^S^;T*^*e)n^Co 

[0 0 9 2] (tt^tJ2) Wmmi lim(DS Oft* 

90:1 ovm&Kvmwdzmsgmmi t^cu 
ti^m^mll #bn/cm-s#»©s i ^ 



(11) 
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|«t &£iffltt&Smztt LT 8 4 M3;%T£> 
0, ^g£{«a?©g&»42. 2 0g/cm 

\ g^Sfil- 1 0g/cm s T*ofc. fifoT, d<Z> 

f41 1 0%7?*0> i«Pf<Z>fl^KiSmt7 0%T?&^ 

[0093] $m&iitmmzisT-*'(#)i$m&ft-3 

0 14 0 OmAhT35D, 5 0^#;UBewS*fiH3* 
141 0%T?$)rjfeo 
[0 0 9 4] ttfc$fc0<J3) Wft&l (imOS i*9* 

¥mm2 umogmt^ mmt^s i : ma= 

2 5:7 5<DSE^i£Tffl^*LBW4. &|feMl 

«&^?©£R»;^UT2 0«*X"7?* 
0. *<^e*MftT®*BS»3:2. 20g/cm 

\ 17g/cnfeft5ft. flbT. 

f47 5%T?*D> i*®5cr>^JK*g*{48 3%i^*^ 

fee 

[0 0 9 5] m&mi fcBUKbW ?;n8&£fr? 
fc*8Sk 2lM^g©im&S4&^#3ft^l BlSfe 
9 500mAhT?&«3. 5 OlM^BOMSSe** 

5 o%-e&^£u 

[0 0 9 6] 3-;i^-JHfyW)fh7 
tHD77> (THF) SSSBCt-I^* h^v->^> 
(TMOS) ^©^KW&£I5 Mm<D 
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tl©K&m4MfiJtTTHF : n-)\,?-)V)dy3- : T 
MOS :|l^=l 0:1:1: 3T7&-5,, TH 

(f. 100 0"CTn— yf^i^TMOSS 

^(Dm&mffvm&im&fimzi 2%-?&-dt^ * 

7/? f43 0%-e*0. ^«^»^SHZ^^48 0%T?*^ 

[0097] iusmi £iph*kutim pjvtm&ft-o 

t)4 0 0mAhl?cbO, 5 0+K^;Ul<7*g«&Jfs&4 
7 0 %-?$>itio 

[0098] (###12) ¥^SS2jtim(DS i» 
<fc. ¥-%m$&S umTI&mO. 2/imOCFi:^ St 
BJfcTS i : CF = 6 0 : 4 0 OR,&i£V%M\Z£K)M 
Ufc. ^<D«8S«*R4. S i iCF 

[0099] sfc. $mmi t.mmz.vx^fjmm 
ttn^tzM^ 2 +k ^ s (Dim&m-msmtT- 1 

gSfc"3 6 5 0mAhT£>9. 5 01M >7)Vm<Offin& 
mtXS.ii hj£ OmAh/gT^fc. 

[0 10 0] £U:(Di^$:Sl fd^Ufc. 

[0 10 1] 

[^1] 





a » * 
a £ * 

*V 8 

(X) 


* (X) 


* (X) 


2tT-f S^BO 
(mAh/g) 


»* (X) 




5 1 


6 5 


8 5 


110 0 


7 0 




4 8 


5 0 


9 2 


10 0 0 


8 5 




4 0 


6 2 


8 8 


9 5 0 


7 5 


*ttfl4 


5 0 


5 0 


9 2 


7 0 0 


9 5 




4 0 


5 5 


8 5 


12 5 0 


7 3 


5**916 


5 5 


4 & 


9 2 


1 0 S 0 


8 7 




4 5 


3 5 


9 5 


9 5 0 


8 8 


M018 


5 5 


4 8 


9 0 


9 2 0 


8 S 


58 it* 9 


5 6 


5 0 


9 5 


10 0 0 


8 7 


MMl 0 


5 8 


4 8 
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